The T-type Ca 2 + channel Ca v 3.2 is expressed in nociceptive and mechanosensitive sensory neurons. The mechanosensitive D-hair (down-hair) neurons, which innervate hair follicles, are characterized by a large-amplitude Ca v 3.2 T-current involved in the amplification of slow-moving stimuli. The molecules and signalling pathways that regulate T-current expression in mechanoreceptors are unknown. In the present study, we investigated the effects of NT-4 (neurotrophin-4) on Ca v 3.2 Tcurrent expression in D-hair neurons in vitro. Interruption of the supply of NT-4 with peripheral nerve axotomy induced a nontranscriptional decrease in the T-current amplitude of fluorogold-labelled axotomized sensory neurons. The T-current amplitude was restored by incubation with NT-4. Deletion of NT-4 through genetic ablation resulted in a similar selective loss of the large-amplitude T-current in NT-4 − / − sensory neurons, which was rescued by the addition of NT-4. NT-4 had no effect on the T-current in Ca v 3.2 − / − D-hair neurons. Neither the biophysical properties of the T-current nor the transcript expression of Ca v 3.2 were modified by NT-4. Pharmacological screening of signalling pathways activated under the high-affinity NT-4 receptor TrkB (tropomyosin receptor kinase B) identified a role for PI3K (phosphoinositide 3-kinase) in the potentiation of T-current. The results of the present study demonstrate the post-transcriptional up-regulation of the Ca v 3.2 T-current through TrkB activation and identify NT-4 as a target-derived factor that regulates the mechanosensitive function of D-hair neurons through expression of the T-current.
INTRODUCTION
Low-threshold tactile mechanoreceptors are composed of different functional neuronal types innervating glabrous and hairy skin [1] . Ionic channels are molecular signatures of a somatic sensation converting a specific physical stimulus into electrical activity. Despite their prominent role in the detection, propagation and integration of somatic sensations, only a few ionic channels have been identified as specific functional markers of mechanoreceptors or proprioceptors; even less is known about the regulation of their expression [2] .
Among the low-threshold mechanoreceptors, the D-hair (downhair) mechanoreceptors innervating the hair follicles are probably the best functionally characterized. A molecular hallmark of D-hair neurons is the high expression of the Ca v 3.2 gene (HUGO Gene Nomenclature Committee symbol CACNA1H), coding for a low-voltage-activated Ca 2 + channel, together with the high-affinity TrkB (tropomyosin receptor kinase B) [3] [4] [5] . Although the mechanoreceptor responsible for stimulus detection in D-hair neurons is unknown, functional studies using ex vivo skin nerve preparations have demonstrated that the Ca v 3.2 T-current increases the mechanical sensitivity of D-hair neurons [4] . Identification of D-hair neurons in culture, based on the induction of a rosette-like neuritic growth after treatment with NT-4 (neurotrophin-4) or brain-derived neurotrophic factor, confirmed the presence of a large-amplitude T-current mainly due to the Ca v 3.2 gene [5, 6] . The role of the T-current in mechanotransduction was further clarified by showing that it reduces the threshold to trigger electrical activity in culture, and may enhance the sensitivity of these neurons to slowmoving stimuli ex vivo [5] . Having demonstrated that the T-current is involved in stimulus amplification of hair movement, the next issue was to determine whether the T-current in D-hair neurons is sensitive to external cues, particularly Neurotrophins are molecular mediators of synaptic and morphological plasticity and play a role not only during development, but also in the maintenance of normal functioning [7] . The importance of neurotrophins in mechanotransduction has been demonstrated by showing that they are necessary for normal functioning of slowly adapting fibres [8] . They have also been shown to regulate the expression of the mechanosensitive ASIC2 (acid-sensitive ion channel 2) channel [9] , and are involved in the differentiation of sensory neuron mechanosensitivity [10] . NT-4 induces rosette-like neurite growth in vitro, which is evocative of large receptive fields and exuberant terminal growth of D-hairs in the skin [11] . This suggests that NT-4 could be a target-derived neurotrophin. In the present study, we investigated the effects of NT-4 on the large-amplitude T-current in cultured D-hair neurons. To address this question, an in vivo peripheral nerve injury model was used to induce peripheral NT-4 deprivation for several days. We show that, at 5 days after nerve injury, the Ca v 3.2 T-current amplitude was decreased in axotomized D-hair neurons and addition of NT-4 restores the T-current amplitude through post-transcriptional effects of TrkB activation. Analysis of the T-current in sensory neurons from NT-4 − / − mice confirmed the role for NT-4 in the maintenance of large-amplitude T-current expression.
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1 To whom correspondence should be addressed (email frederique.scamps@inserm.fr). − / − ) and NT-4 (NT-4 − / − ) were generated as described previously [12, 13] . Mice were housed in cages with a 12/12 h light/dark cycle and were fed food and water ad libitum. Care and use of the mice conformed to institutional policies and guidelines. Experimental procedures were approved by the local ethics committee. For surgery, mice were anaesthetized by constant isoflurane inhalation. The left sciatic nerve was exposed at the mid-thigh level, sectioned and a 2-3 mm fragment of nerve was removed. For retrograde neuronal tracing, 5 μl of 2 % fluorogold in sterile distilled water (Molecular Probes) was injected close to the proximal sciatic stump and the wound was sutured. Mice were kept alive for 4-5 days.
MATERIALS AND METHODS

Animals and surgery
DRG (dorsal root ganglion/ganglia) neuron isolation
Mice were killed by CO 2 inhalation followed by cervical dislocation in accordance with European guidelines and their DRG were then removed. Neuronal cultures were established from L4-L6 lumbar DRG as described previously [14] . At 2 h after plating, the culture medium was carefully removed and replaced to eliminate dead cells and tissue debris, and recombinant NT-4 (PeproTech) was added when required. The cells were maintained in culture at 37
• C in an incubator with humidified 95 % air/5 % CO 2 .
Electrophysiology
Currents were recorded after 1 DIV [day(s) in vitro] at 20-22
• C with the whole-cell patch-clamp technique. For recordings of Ca 2 + currents, the bath solution contained 140 mM TEA-Cl (tetraethylammonium chloride), 2 mM CaCl 2 or 1 mM BaCl 2 , 1.5 mM MgCl 2 , 10 mM glucose and 10 mM Hepes (pH 7.4). The pipette solution contained 145 mM CsCl, 1.5 mM Mg-ATP, 0.5 mM Na-GTP, 0.1 mM EGTA and 10 mM Hepes (pH 7.35). Signals were filtered at 2 kHz and sampled at 5 kHz. Cell capacitance was determined by fitting an exponential curve to the uncompensated current trace resulting from a voltage-clamp step from − 80 mV to − 90 mV. NT-4-induced rosette-like neurite growth after 1 DIV led to the appearance of a second slower capacitive time constant and best fits were obtained with two exponential curves; the fast component accounted for 75-80 % of the total capacitance signal and the slow component accounted for 15-20 %. The corresponding values of capacitance varied from 25 to 30 pF and from 80 to 130 pF (n = 20) respectively. As T-channel expression within soma and neurites is unknown, the T-current amplitude in D-hair neurons was not normalized to cell capacitance to allow comparison of the total T-channel pool within a same population. As far as possible, series resistance compensation (40-70 %) was used to reduce voltage errors, and only activation curves displaying regular increases in current amplitude following threshold potential were analysed. Activation curves were fitted with the Boltzman equation:
where I is the current amplitude at membrane voltage V, I max is the T-current maximal conductance at − 40 mV, V 1/2act is the half-activation voltage and k is the slope factor. Inactivation curves were fitted with a Boltzman equation using normalized current values:
where I is current at membrane voltage V, I max is the maximal current with a − 100 mV conditioning prepulse, and V 1/2inac and k are as described above.
For patch-clamp experiments, identification of axotomized neurons was performed using wide-field epifluorescence illumination achieved by using an X-cite lamp with a standard filter set for UV excitation. For morphological analysis, neurons were fixed and images were collected using a ×20 pan-fluor objective on an upright Leica microscope equipped with a CCD (charge-coupled device) camera. For each experiment, the cell size was estimated on an eyepiece with a micrometre scale.
All drugs were from Sigma, prepared as stock solutions in DMSO (final solution 0.1-0.05 %) and stored at − 20
• C for 2 weeks. The vehicle, DMSO (0.1-0.05 %), was added to control cultures. The anti-p75 NTR (p75 neurotrophin receptor) antibody (working dilutions 1:1000 to 1:100) was from Millipore and was stored at − 20
• C. IB-4 (isolectin-B4)-FITC was prepared in PBS as a 200 μg/ml stock solution and was kept at 4
• C.
Quantification of mRNA expression levels by RT-qPCR (real-time quantitative PCR)
Total mRNA was extracted at day 1 from in vitro primary cultures obtained from nine L4-L6 DRG in adult mice, using the RNeasy Mini Kit (Qiagen). Reverse transcription was performed with 200 ng of mRNA using the Quantitect RT kit (Qiagen). Primers were designed using Primer 3.0 software. The mouse Ca v 3.2 forward primer sequence was 5 -AGCAAGCTGCGTCGCATTGT-3 and the reverse primer sequence was 5 -TCCAGCGCGTTAGTCAGCTCAT-3 . To confirm the efficiency of nerve axotomy, we used the injury marker Sprr1a (small proline-rich repeat protein 1A); the forward primer sequence was 5 -CCAGCAGAAGACAAAGCAGA-3 , and the reverse primer sequence was 5 -GGGCAATGTTAAGAGGC-TCA-3 . PCR in real-time was performed on 10 ng of cDNA using SYBR Green I dye detection in the Light Cycler system (Roche Diagnostics) as described previously [15] . Relative amounts of cDNA were calculated using the comparative C t method from two independent experiments. The internal reference gene was Polr2j [polymerase (RNA) II polypeptide J], whose expression does not change after axotomy.
Statistical analysis
All values are reported as means + − S.E.M. Statistical significance was evaluated using a one-way ANOVA (followed by post-hoc analysis using Bonferroni test) and an unpaired Student's t test as indicated, with P < 0.05 considered to be significant. The nonparametric Mann-Whitney U test was used for the RT-qPCR experiments (Graphpad Prism 5, Graphpad Software).
RESULTS
NT-4 rescues the T-current amplitude in axotomized D-hair neurons
To examine whether NT-4 deprivation at the periphery could affect the T-current amplitude recorded in vitro, the sciatic nerve was sectioned in vivo to interrupt the supply of target-derived neurotrophic factors for several days. To assess the effects of NT-4 on the T-current amplitude, the distribution of the T-current amplitude was randomly analysed at 1 DIV, under control conditions and 5 days after in vivo sciatic nerve transection, within the medium-sized population of sensory neurons which contains D-hair neurons. In total, 30 % of mediumsized sensory neurons (32 out of 106) expressed a T-current, as recorded with a ramp protocol ( Figure 1A ). The peak amplitude of the T-current inside this population varied widely from − 0.1 nA up to − 6.7 nA, which is representative of different subpopulations of sensory neurons ( Figure 1B) . A molecular hallmark of the mechanosensitive D-hair neurons is the expression of the large-amplitude T-current. Overnight incubation of primary cultures at 37
• C with NT-4 induced a specific rosette-like neurite growth in D-hair neurons, which allowed us to specifically analyse this mechanosensitive population within the mediumsized neurons [5] . On 12 recorded D-hair neurons, the T-current amplitude ranged from − 3 nA to − 6.7 nA ( Figure 1C ). To confirm that all neurons bearing rosette-like neurite growth were low-threshold D-hair mechanoreceptors, the neuronal culture was treated for 10 min with 10 μg/ml IB-4-FITC, a marker of nociceptors [16] . Most IB-4-positive neurons had a somatic diameter inferior to 30 μm and we never observed staining among D-hair neurons ( Figure 1D ).
To increase the duration of NT-4 deprivation, the sciatic nerve was sectioned in vivo, and DRG culture was performed 4-5 days later. The in-vivo-axotomized neurons (conditioned neurons) were identified with fluoro-gold staining and Ca . These data demonstrate that NT-4 is a targetderived neurotrophin involved in T-current amplitude regulation.
T-current amplitude is reduced in NT-4 − / − D-hair neurons
To confirm that NT-4 is an endogenous regulator of T-current expression in D-hair neurons, the effects of NT-4 deprivation, obtained by NT-4 genetic deletion, on T-current expression were assessed. NT-4 deprivation induces selective death of D-hair neurons after 5 weeks of life [17] , and we previously confirmed the absence of D-hair neurons in vitro from 9-week-old NT-4 − / − mice [5] . Therefore, for this series of experiments, T-current expression was analysed in neurons from 5-week-old C57/BL6 mice. Random recordings of Ca 2 + currents with a ramp protocol were performed on neurons with a 30-40 μm somatic diameter from NT-4 + / + and NT-4 − / − mice ( Figure 2A ). The T-current is present in approximately 25 % of sensory neurons isolated from 5-week-old C57/BL6 mice (NT-4 + / + ; 33 out of 143, from three cultures) or from NT-4 − / − DRG (33 out of 140, from three Figure 3C ). Thus exogenous NT-4 is able to rescue the T-current amplitude in NT-4 − / − D-hair sensory neurons.
NT-4 regulates the T-current arising from the Ca v 3.2 gene in D-hair neurons
In a previous study, we demonstrated that over 90 % of the T-current expressed in D-hair neurons arises from the Ca v 3.2 gene [6] . To uncover the molecular identity of the T-current upregulated by NT-4 treatment, we compared the T-current expression and biophysical properties in adult Ca v 3. Figure 4C ). Analysis of the inactivation properties revealed no significant differences between the T-current expressed in both strains ( Figure 4C ).
TrkB activation mediates post-transcriptional up-regulation of the T-current
Having demonstrated that the down-regulation of the Ca v 3.2 T-current was related to NT-4 deprivation, we next focused our study on the signalling pathway involved in the effects of NT-4. We first assessed whether the effects of neurotrophin were related to activation of the cognate high-affinity NT-4 receptor TrkB or to the low-affinity p75 NTR , whose expression is up-regulated following nerve injury [18] and necessary for the normal mechanical functioning of D-hair receptors [17] . Before the addition of NT-4, conditioned neurons were pre-treated at 37
• C for 1-2 h with either K252a, an inhibitor of the high-affinity Trk receptors, or a function blocking antibody against p75 NTR . Following overnight incubation at 37
• C, NT-4 still induced rosette-like neurite growth in the presence of the anti-p75 NTR antibody and the amplitude of the T-current was not significantly different from control values, averaging − 5.8 + − 0.5 nA (n = 12) ( Figure 5A ). In the presence of K252a, the rosettelike structure was never observed and thus medium-sized neurons were randomly recorded as described above. As expected from TrkB inhibition, the mean amplitude of the T-currents recorded in the presence of K252a was significantly decreased to − 1.5 + − 0.3 nA (n = 12) due the disappearance of the large T-current amplitude ( Figure 5B ).
To get an insight into the cellular mechanisms leading to T-current amplitude regulation in D-hair neurons, we examined whether specific changes in transcript levels of Ca v 3.2 were associated with sciatic nerve injury and with TrkB activation.
RT-qPCR was performed on control, conditioned and NT-4-treated conditioned L4-L6 DRG neuron primary cultures. For a positive control of axotomy, we analysed the transcript level of Sprr1a, a known marker of injury [19] . At 4 days following nerve injury, there was a 16-fold increase in Sprr1a expression in primary cultures from conditioned DRG compared with controls (normalized expression levels were increased from 0.062 + − 0.003 to 1, n = 2; results not shown). Under the same experimental conditions, the normalized expression level of the Ca v 3.2 transcript was not significantly modified compared with control cultures ( Figure 5C ). RT-qPCR performed on control and axotomized DRG also showed no significant difference in Ca v 3.2 transcript expression levels (results not shown). Overnight treatment of axotomized primary culture with 10 ng/ml NT-4 had no significant effects on Ca v 3.2 transcript expression ( Figure 5C ). To confirm the lack of transcriptional effects at the cellular level, the effects of 80 μM DRB (5,6-dichlorobenzimidazole riboside), an inhibitor of de novo mRNA synthesis, were tested on the T-current amplitude of D-hair neurons. Conditioned neurons were pre-treated for 2 h with DRB before the addition of NT-4. − / − -conditioned D-hair neurons. To minimize voltage falls due to series resistance and to prevent contamination with Ca 2 + -activated chloride currents, 1 mM Ba 2 + + 1 mM Mg 2 + was used in place of 2 mM Ca 2 + . Current-voltage relationships of peak current (ν) and current at 1 s (᭺) were constructed from currents activated during the PP. (C) Mean activation and inactivation curves were obtained from current-voltage relationships and normalized relative to the maximal current (I/I max ). To construct inactivation curves, the PP was followed by a test pulse potential to − 40 mV for 500 ms (see Figure 2) . Voltages for half-activation (V 1/2act ) and half-inactivation (V 1/2inac ) were obtained from fits with the Boltzman equation (smooth curve). A significant 12 mV shift towards the depolarized potential was observed in V 1/2act of the T-current expressed in conditioned Ca v 3.2 − / − D-hair neurons.
Following overnight incubation, electrophysiological recordings among D-hair neurons showed no significant difference between DRB-treated and untreated cultures ( Figure 5D ). These data show that transcriptional regulation of the Ca v 3.2 T-current is not the signalling pathway induced by axotomy or TrkB activation. In the following experiments on NT-4-treated conditioned neurons, we have investigated the downstream kinases that could be involved in the regulation of the T-current amplitude. Three major pathways are activated following neurotrophin activation of Trk receptors: the PLC (phospholipase C), MAPK (mitogen-activated protein kinase) and PI3K (phosphoinositide 3-kinase) pathways. In addition to these pathways, the CaMKII (Ca 2 + /calmodulin-dependent protein kinase II) pathway is activated under Trk receptor activation. We thus assessed the effects of overnight incubation at 37
• C with the pharmacological inhibitors of each pathway. The PLC cascade was investigated by using bis-indolylmaleimide XI to inhibit PKC (protein kinase C), and intracellular Ca 2 + stores were depleted with thapsigargin to prevent IP 3 (inositol 1,4,5-trisphosphate)-induced Ca 2 + transients. None of these pharmacological inhibitions significantly inhibited the T-current amplitude of NT-4-treated conditioned D-hair neurons or the rosette-like neurite growth morphology. Similarly, inhibition of CaMKII with KN62 and of MAPK kinase with PD98059 had no significant effect on either of the parameters ( Figure 6A) .
Lastly, only wortmannin, an inhibitor of PI3K, induced a significant and specific decrease in the T-current amplitude in conditioned NT-4-treated D-hair neurons from − 5.2 + − 0.3 nA (n = 11) to − 2.7 + − 0.1 nA (n = 22; P < 0.01, Student's t test, Figure 6B ). In control neurons the T-current amplitude averaged − 5.1 + − 0.4 nA (n = 5) in the absence of wortmannin and − 4.9 + − 0.2 nA (n = 6) in the presence of wortmannin (P > 0.05; Figure 6C ). Collectively, these data indicate that Ca v 3.2 T-current expression in the presence of NT-4 involved posttranscriptional modifications after PI3K activation.
DISCUSSION
The present study demonstrates that the neurotrophin NT-4 upregulates the Ca v 3. The major T-current expressed in D-hair neurons arises from the Ca v 3.2 gene α1H subunit [6] . D-hair neurons are the unique sensory subpopulation where the presence of the Ca v 3.2 T-current is unambiguously identified. This allowed us to provide a biophysical analysis of the native Ca v 3.2 T-current. Hallmarks of the Ca v 3.2 T-current in D-hair neurons is a rather negative threshold of activation, at approximately − 65 mV, and the presence of a substantial window current between − 65 and − 50 mV. Our biophysical data are similar to those of T-currents present in a subpopulation of nociceptors and in thalamic neurons, which are also attributed to the Ca v 3.2 gene [16, 20] . Analysis of Ca v 3.2 − / − mice confirmed that NT-4 upregulated the Ca v 3.2 T-current in conditioned D-hair neurons and uncovered the presence of a small-amplitude T-current. This lowvoltage-activated current had similar inactivation properties to the Ca v 3.2 T-current, but its threshold for activation was shifted towards positive voltages. A consequence of this shift is the absence of a window current in Ca v 3.2 − / − neurons. In situ experiments in NT-4 − / − mice suggest that the Ca v 3.3 gene is co-expressed at low levels in D-hair mechanoreceptor neurons [4] . Comparison of the biophysical properties of native T-currents with those of heterologously expressed T-type channel Ca v 3.3 α1I subunits also suggests an expression arising from Ca v 3.3 [21] . The present paper is the first report that analyses the expression of this current in D-hair neurons and, despite a relatively small quantitative contribution compared with the Ca v 3.2 T-current, the present study does not rule out possible important pathophysiological contributions. Our data from Ca v 3.2
D-hair neurons demonstrate that the presence of a window current affected neither cell survival nor the induction of rosette-like neurite growth as reported previously in cell lines [22] . The effects of the window current are probably on the electrical properties of the D-hair neurons and are within the potential range to positively contribute to membrane depolarization and activation of the mechanoreceptor. Although never directly demonstrated, ex vivo skin nerve experiments support a peripheral localization of the T-current at the nerve endings. Pharmacological blockade with mibefradil suggested that T-current activation acts as an amplifier of the mechanotransducer [4] , and analysis of Ca v 3.2 − / − mice confirmed that the Ca v 3.2 gene contributes to mechanical sensitivity in vivo [23] by probably decreasing the threshold for triggering action potentials [6] .
Following peripheral nerve injury, the rescue of T-current amplitude with the addition of NT-4 suggests that the site of the NT-4 effects is peripheral. The cellular source of NT-4 is uncertain, but it is expressed in skin and is involved in the control of hair-follicle cycling and influences the innervation density [24, 25] . In addition, the present study demonstrates that NT-4 specifically regulates the Ca v 3.2 T-current, which further supports an expression of the Ca v 3.2 T-current at the nerve endings of sensory neurons. No differences were observed in the biophysical properties of the T-current recorded in NT-4 + / + and NT-4
− / − D-hair neurons, and addition of NT-4 did not modify these properties. Consequently, the potential range of window current was also unchanged. Analysis of NT-4 − / − D-hair neurons also showed that the ability of NT-4 to restore T-current amplitude is impaired because the NT-4-induced increase in T-current amplitude is significantly less in NT-4 − / − D-hair neurons than in NT-4 + / + D-hair neurons. This suggests that deletion of NT-4 leads to irreversible defects in either Ca v 3.2 pools available or signalling machinery. By increasing the T-current amplitude, NT-4 is expected to interfere with the mechanical sensitivity of D-hair neurons. In support of this hypothesis, it has been shown that D-hair afferents recorded in NT-4 − / − mice had their responsiveness to mechanical stimuli markedly reduced [17] . Thus, in addition to the well-established requirement of NT-4 for the survival of D-hair receptors, the results of the present study suggest that NT-4 plays a role in the functional maintenance of D-hair mechanoreceptors by regulating T-current availability.
NT-4 signalling involves activation of high-or low-affinity receptors, named TrkB or p75. Low-threshold D-hair receptors in p75
− / − mice have a significantly reduced responsiveness to mechanical stimuli at all of the stimulus intensities tested, leading to the suggestion that the presence of p75 is necessary to mediate the NT-4-dependent function of D-hair receptors [17, 26] . Therefore p75 NTR appeared as a good candidate for mediating the NT-4 effects on the T-current. However, our data on axotomized D-hair neurons demonstrate that the NT-4 effects on neurite growth and T-current amplitude up-regulation are mediated through the high-affinity receptor TrkB, not p75 NTR . Accordingly, T-current regulation cannot be responsible for the reduced mechanical sensitivity in p75
− / − D-hair neurons. Interestingly, p75
− / − D-hair receptors display reduced firing properties [26] , whereas the T-current acts as an amplifier of the mechanoreceptor, with no obvious effects on firing properties [5] . Taken together these data suggest that NT-4 signalling via TrkB activation may specifically control the sensitivity of these neurons to very slow-moving stimuli.
In contrast with adult D-hair neurons, the effects of NT-4 on the T-current could be observed after 1 DIV in young D-hair neurons. In addition, our data demonstrate that T-current regulation in adult mice did not involve an increase in the expression level of Ca v 3.2. These data suggest that NT-4 acts through TrkB activation and could be related to protein turnover instead of Ca v 3.2 α-subunit phosphorylation. The pharmacological screening to sort out the specific pathways involved in NT-4/TrkB, demonstrated a role for PI3K. This is consistent with the suggestion that TrkB activation increases the availability of functional channels at the plasma membrane [27] . The involvement of PI3K suggests that the regulation of trafficking or stability of Ca v 3.2 channels in the plasma membrane could be the cellular mechanism leading to increased T-current amplitude. Our data also suggest that the time course of NT-4 effects on protein turnover had to be at least 24 h, as NT-4 did not significantly increase the T-current amplitude in control neurons recorded at 1 DIV and the PI3K inhibitor had no effect in control neurons treated with NT-4. Similar time-dependent effects attributed to protein trafficking were reported for T-current regulation with haemopoietic cytokines [28] . Although many regions within the I-II loop of Ca v 3.2 have been shown to be involved in regulating surface expression [29] , the cellular mechanisms that regulate the trafficking of T-type Ca 2 + channels to the plasma membrane are currently unknown.
In conclusion, the findings of the present study strongly suggest that NT-4 regulates the functional expression of Ca v 3.2 channels and may thus contribute to mechanotransduction in D-hair neurons. This raises the question as to whether Ca v 3.2 T-currents expressed in other sensory cell subpopulations, such as nociceptors, are similarly regulated by their corresponding neurotrophins and associated high-affinity receptors.
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